This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internal ional Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 

G01N 33/564 



Al 



(11) International Publication Number 
(43) International Publication Date 



WO 88/ 08983 
17 November 1988 (17.11.88) 



(21) International Application Number: PCT/SE8 8/00240 

(22) International Filing Date: 9 May 1988 (09.05.88) 



(31) Priority Application Number: 

(32) Priority Date: 

(33) Priority Country: 



8701905-5 
8 May 1987 (08.05.87) 
SE 



(71) Applicant (for all designated States except US): BIO- 

CARB AB [SE/SE]; S-223 70 Lund (SE). 

(72) Inventors; and , T ^ ¥ w n 

(IS) Inventors/Applicants (for US only) ;CEDERHOLM, Bo 

[SE/SE]; Kamnarsvagen 3A:106, S-222 46 Lund (SE). 
WIESLANDER, Jorgcn [SE/SE]; Ostervangsgatan 20, 
S-223 60 Lund (SE). BYGREN, Per [SE/SE]; Ritare- 
grand 18, S-222 47 Lund (SE). HEINEGARD, Dick 
[SE/SE]; Mantalskroken 3, S-222 47 Lund (SE). 



(74) Agents: HENNINGSSON, Gunnar et al.; Bergling & 
Sundbergh AB, Box 7645, S-103 94 Stockholm (SE). 



(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent), 
US. 



Published 

With international search report. 



(54) Title: A METHOD AND A KIT FOR THE DIAGNOSIS OF IgA NEPHROPATHY 



(57) Abstract 



A method for the diagnosis of IgA nephropathy using an antigene-antibody interaction comprising ; the steps: a) pre- 
paring a ^te^pdric o g f binding fibronectin or IgA, b) contacting the substrate resulting from step a) wi* i a sample of 
body fluid drawn from a patient subject to diagnosis to bind any fibronecun-IgA-complex present » 
substrate, and c) determining the presence of complex bound to the substrate using the reaction between^ &e exposed part 
of such bound complex and a corresponding antibody thereto; and a diagnostic kit for use in such diagnosis. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the FCT on the front pages of pamphlets publishing international appli- 
cations under the PCX. 



AT 


Austria 


FR 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


U 


Liechtenstein 


su 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 







WO 88/08983 1 PCT/SE88/00240 

A method and a kit for the diag nosis of UA nephropathy. 

The present invention relates to a method for the dia- 
gnosis of IgA nephropathy using an antigen -antibody interac- 
tion, and the invention also includes a diagnostic kit for use 
in such a diagnosis. 

Patients- with prieary IgA nephropathy, 1U0 known as Bergers disuse, 
have been shown to have circulating IgA antibodies, binding to collagen 
IV prepared froe gloeerular baseeent ee.brane (BBH) (1). It Mas also 
shown that the IgA antibodies bound equally well to collagen 1,11 and IV 
and that denatured collagens bound antibodies eost efficiently (II. 
In vie« of the wide distribution of the various collagens, it is of • 
interest to note the coexistence Nith IgA nephropathy of syeptoes froe 
extrarenal organs (2). Thus syeptoes froe skin, eye and joints are of 
particular interest since these structures contains collagen as a eajor 
co.pon.nt. Indeed one study reports presence of vascular IgA deposits in 
skin froe patients with IgA nephropathy (3). 

The association of exacerbations of clinical disease with upper respira- 
tory tract or gastrointestinal infections and the finding of IgA depo- 
sits in the gloeerular eesangiue is well known. The finding of increased 
levels of IgA-bearing peripheral lysphocytes (4) as well as decreased 
IgA-specific suppressor T cell activity (5) and increased IgA-speclfic 
helper T-alfa cells <6> suggests an ieeunological eechanise. 
Fibronectin, also known as cold insoluble globulin (CIg), that is alte- 
red in eany disease processes, is present both as a plaseaprotein and as 
a cell surface protein. The two fores differ slightly in co.position but 
share ieportant functions as binding to gelatin (collagen), heparin, 
fibrin and cell surface receptors (7). Fibronectin is the aajor pi aim 
component binding to gelatin (8) and this property as well as its hepa- 
rin binding properties have been utilized in its isolation (9) . Interes- 
tingly fibronectin is present also in baseeent eeebranes. It can be 



WO 88/08983 



PCT/SE88/00240 



2 

visualised by immunof luorescense not only in the glomerular 
basement membrane but also in the mesangium of healthy indi- 
viduals CIO), Furthermore a concomitant increase of mesangial 
fibronectin and mesangial matrix was observed in patients 
with IgA nephropathy and Henoch-Schonleine purpura (10). 

The present invention is based on the surprising disco- 
very, that the IgA-antibodies are present in circulating 
immune complexes in patients with primary IgA nephropathy 
together with fibronectin, and this unexpected finding does, 
of course, explain the fact that the igA-containing complexes 
have the ability of binding to collagen. This new finding 
that the circulating immune complex contains , in addition to 
IgA, also fibronectin, enables the provision of both method 
for the diagnosis of IgA nephropathy and a diagnostic kit for 
use in such diagnosis. 

Accordingly, one object of the present invention is to 
provide a method for the diagnosis of IgA nephropathy using 
antigen-antibody interaction, and another object of the in- 
vention is to provide a diagnostic kit for use in such diag- 
nosis of IgA nephropathy. 

The method of the present invention is characterized by 
the following steps: 

a) preparing a substrate capable of binding fibronectin or 
IgA, 

b) contacting the substrate resulting from step a) with a 
sample of body fluid drawn from a patient subject to diag- 
nosis to bind any f ibronectin-IgA-complex present in said 
sample to the substrate, and 

c) determining the presence of complex bound to the substrate 
using the reaction between the exposed part of such bound 
complex and a corresponding antibody thereto. 

In preparing such substrate capable of binding fibro- 
nectin preferred binding agents are collagen, heparin, fibrin 
or ant i-f ibronectin. According to this aspect of the inven- 
tion the substrate is prepared in such a way as to bind the 
f ibronectin-IgA-complex through its fibronectin component. 
This in turn means that the IgA-component of the complex is 
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available for determining the presence of complex bound to 

the substrate. 

On the other hand the binding of the f ibronectin- IgA- 
-complex to the substrate can be directed to the IgA-part of 
the complex. In such caee there can be used as a binding a- 
gent either antiMgA or a lectin, both of which are capable 
of binding IgA. In this case the fibroriectin part of the com- 
plex will be available for determining the presence of com- 
plex bound to the substrate. 

The determination under step c) of the method of this 
invention can be of a quantitative nature and can be based on 
a conventional detection system. Among such detection systems 
there may be mentioned those based on enzymatic activity, or 
systems based on radiation emitted by a radioactive isotope 
or based on fluorescence. 

The substrate used in binding the f ibronectin- IgA-com- 
plex present in a sample subject to diagnosis can be consti- 
tuted by different objects, such as microtiter plates, labo- 
ratory test tubes, nitro-cellulose paper, plastic spheres or 
any other object suitable for the purpose. 

Samples of body fluid drawn from a patient subject to 
the diagnostic method of the present invention may be consti- 
tuted by for example human blood, serum, plasma or saliva. 

The invention also provides for a diagnostic kit for 
use in the diagnosis of IgA nephropathy, and such kit com- 
prises : 

a) an object capable of binding fibronectin or IgA, and 
b> reagent comprising a component which is capable of binding 
IgA or fibronectin and a detection component enabling deter- 
mination of fibronectin-IgA complex bound to the said object. 

In the embodiments wherein the IgA part constitutes 
exposed part of the complex the object carries attached to 
the surface thereof heparin, collagen, fibrin or anti-fibro- 
nectin. In such case the reagent preferably comprises lectin 
or antibody directed against IgA. 
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In tho oppo«ito ca««, wharain fibronactin ia tha ax- 
poaad part of tha complax tha objact earriaa attachad to tha 
aurfaca tharaof anti-lgA or lactin, tha raagant compriaing 
haparin, collagan, fibrin or anti-f ibronact in. 

In auch diagnoatic kit according to tha invantion tha 
function of tha dataction componant may ba baaad on anxyaatic 
activity, radiation amittad by a radioactiva iaotopa or fluo- 
raacanca . 

The invantion will ba further illustrated in the follo- 
wing by non-limiting specific examples . Thia illustration is 
associated with references to the appended drawing, wherein: 

Pig. 1 shows the binding of IgA, fibronectin (FN) and a 
complex to a hepar in-Sepharoae column; 

Pig. 2 shows a diagram on the elution of proteins from 
an ordinary ion exchanger using a aalt gradient; 

Pig. 3 shows the binding of IgA, fibronectin and a com- 
plex to a jacalin-Sepharose column; and 

Pig. 4 ahowa the separation of proteins uaing SDS-PA6E 
and immunoblottihg. 
EXAMPLE 1 

Antisera^ Patient sera were from patients with prieary IgA nephropathy 
(glomerulonephritis and dominating mesangial IgA deposits detected by 
immunof luorescense microscopy of renal biopsy specisens). None of the 
patients had signs of systemic lupus erythematosus (SLE), Henoch-Schon- 
leins purpura or cirrhotic liver disease. Sera from healthy blood donors 
Here used as controls. 
EXAMPLE 2 

l5eUiUQ-5i.LS51StlS.cgs£l.eii5i. Antisera (1 ml) were dialysed against 
0.05 H Tris, 0.05X sodium azide pH 7.4 before applied to a 10 ml Hepa- 
rin-Sepharose CL-6B column (Pharmacia, Uppsala, Sweden). Material eluted 
from the column with 0.5 H NaCl in the same buffer was dialysed against 
0.1 H sodium phosphate, 0.05X sodium azide pH 7,5 before chromatographed 
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on a 1 ml Hono 0 column (Pharmacia). Chromatography was performed u.ing 
a LKB (IroMt, Sweden, HPLC .y.te. with low pre.sur. mixing. Ab.orbenct 
wa. m.a.ured at 280 nm with a LKB 2151 variable wavelength detector. 
Fraction, binding to collagen I and reacting with anti human IgA (Dako- 
patts, Hageriten, Sweden) were pooled and applied to a jacaline agaro.e 
(Pierce chemicals, Rockford, Illinois). IgA containing complexes were 
eluted with 0.2 H melibiose in a buffer containing 0.05 H Tris, 0.15 H 
NaCl, 0.05X sodium azide pH 7.5. 
EXAMPLE 3 

eciBICItLBQ.Bi.»LU»Q.U Collagen I .as prepared by pepsin extrac- 
tion from bovine flexor tendon as described by vogel et .1 (12). 
EXAMPLE 4 

Il. eS tro B horesi Si SDS-PAGE was performed as described by L.e.mli (13, 
using 3-lftX linear gradient gels. Bel. were stained with silver accor- 
ding to the method of Korri.ey (14, omitting glutar aldehyde. Reduction 
.as performed by adding 2-mercaptoethanol to 0.2* v/v to samples prior 
to electrophoresis and boiling for two minutes. 

EXAMPLE 5 

ELISA, Antigen was coated to polystyrene 96-well microtiter plate. 
(NUNC immunopl.te 1, NUNC, Roskilde, Denmark). Fraction, from the 
columns were coated over night under non denaturing condition, u.ing 
0.05 N .odium carbonate buffer at pH 9.6 containing 0.05X .odium azide. 
This was followed by incubation for 1 hour with the same buffer al.o 
contain, 2* bovine serum albumin (blocking buffer, to prevent non .peci- 
fic binding. Collagen I was coated under denaturing condition, u.in, . H 
guanidine-HCl , 0.05 ■ Tris-HCl pH 7.4 over night. In this case incuba- 
tion with blocking buffer was not needed, Sera were diluted in 0.01 I 



WO 88/08983 



6 



PCT/SE88/00240 



phosphate pH 7.5, 0. 15 H N»Cl, 0.05X Tween 20 and 0.25 H guanidine-HCl 
and incubatad for 1 hour in tha coated eicrotiter plate. IgA antibodies 
Mere detected by incubation with affinity purified anti hutan IgA alka- 
line phosphatase conjugate (Dako) for one hour, Fibronectin was detected 
using rabbit anti human fibronectin antiserum (Dako) followed by anti 
rabbi t-IgG alkaline phophatase conjugate (Dako). Enzyee activity was 
determined using p-ni trophenyl phosphate as the substrate. Hicrotiter 
plates were rinsed between each step with 0.15 M NaCl containing O.OSX 
Tween 20. All saaples were analysed as triplicates. Absorbance was moni- 
tored at 405 nm using a Titertek Hultiskan photometer. 
EXAMPLE 6 

IfiffiuQSbUttLQfli Proteins were separated using SOS-PASE and electropho- 
retically transferred to nitrocellulose paper (Schleicher and Sehilll,- 
Dassel .W.Germany) at 0.5 A for 4 hours. Non specific binding was preven- 
ted by incubation with blocking buffer for 1 hour. IgA antibodies were 
detected using peroxidase conjugated anti huaan IgA antiserum (Dako) and 
fibronectin was detected using rabbit anti huaan fibronectin followed by 
peroxidase conjugated anti rabbit antiserum. Enzyme activity was deter- 
mined with H 3 0 3 /diaminobenzidine (0.5ag/al) (Fluka) in 0.05 M sodium 
phosphate pH 7.5 containing cobalt chloride and ammonium nickel sulfate 

(15). 

EXAMPLE 7 . 

IseUiUn-Sl-CNBrifragmentSj. Since we have previously found that IgA 
antibodies from patients with IgA nephropathy bind to collagen I, II and 
IV (1) an attempt was made to isolate the specific epitope of bovine 
collagen I responsible for the binding. Pepsin extracted collagen I was 
fragmented by the use of CNBr and the fragments were separated by cation 
exchange chromatography on a Mono S column followed by gel chromatograp- 
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hy on a TSK 63000SH colu.n. Binding of antibodies to coll.o.n I could b. 
completely inhibited by fragment, identified a. th. CB7 fragment of th. 
alfa, chain and th. CB3,5 fragm.nt of tht alfa a chain. 

Th... fr.,..nt, ar. known to contain th. fibron.ctin binding 
domain (16). Thu., it app.ar. that fibron.ctin is invol- 

ved in th. binding of IgA .ntibodi.. to coli.g.n. Ind.ed, as we found 
for pati.nt IgA .ntibodi.., Engvall .t .1 <8) h.v. pr.viou.ly .hown that 
fibronectin bind, to both collagen. I and II and that binding i. enh.n- 
ced when d.n.tur.d collag.n. ar. u..d. In, further .upport we could 
demonstrate by ELISA that anti fibronectin .ntibodi.. coat.d to a micro- 
titer plat, cau.ed binding of IgA antibodies a. well as fibronectin when 
incubated with serum fro, patient, with pri.ary IgA n.phrop.thy. 

When using .eru. fro. healthy blood donor, a. control no IgA 
antibodies w.r. bound to th. anti fibron.ctin antibody coat. 
Me therefore decided to purify the complexes, in principle using affi- 
nity columns for fibronectin and IgA, respectively, in sequence. 

EXAMPLE 8 

fiasrBUaQ-fii.lifecmaiQ.t.B.bgEianilgBhiCSH!. Heparin-Sepharose (?) 
was used as the initial step for the purification of f ibronectin-IgA 
complexes from human serum. As demonstrated in ELISA (fig I), using the 
fractions as coat, expectedly most of the IgA antibodies Here not retai- 
ned on the heparin column. The fibronectin bound to the heparin column, 
and was eluted using 0.5 H NaCl (fig 1). 

It is known that fibronectin binds to collagen by its collagen bin- 
ding domain located in the N-termin.l part of the molecule (7,17). Th. 
collagen binding properties of fibronectin were utili.ed in an ELISA to 
demonstrate the presence of f i bronectin-IgA immune complexes in the 
eiuate from the heparin column. Denatured collagen I (17) was used as 
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coat. Fractions froa the heparin-Sepharose coluan were incubated in the 
collagen coated •icrotittr mill. Bound Ig A antibodies were detected 
using * specific antibody conjugate (fig 1). Only the fraction eluted 
fro* the heparin coluan by tht use of NaCI contained antibody reactivity 
in the asiay, apparently representing f ibronectin-IgA iaaune coaplexes 
in which the IgA antibodies are bound to fibronectin and fibronectin 
mediates binding to collagen by its collagen binding doaain. 
The aajor portion of the IgA antibodies did not bind to the heparin sep- 
harese and no collagen binding IgA antibodies were found in this unbound 
fraction. 

Contrasting results were obtained with a serum sample fro* a healthy 
blood donor. Mo iaaune complexes were detected neither in the fraction 
bound to the heparin-Sepharose nor in the unbound fraction (fig 1). 
EXAMPLE 9 

!iDding_gf_i£$une_cgnelexes_to_inion_exch^ Since heparin 

binds not only fibronectin, but other plasma proteins as will (9) an ion 
exchange coluan was selected for the next step in the purification pro- 
cedure. Material eluted from the heparin coluan Mas applied to a Hono Q, 
anion exchange, HPLC coluan. Iaaune complexes, detected by the ELISA 
with collagen I coat, were eluted between 0.22-0.24 H NaCl (fig 2). The 
presence of free IgA antibodies (separated from the iaaune coeplexes) 
demonstrates that a small proportion of the IgA binds to the heparin 
column and/or IgA is liberated due to dissociation of iaaune complexes 
during the purification procedure. 
EXAMPLE 10 

AdsorEtiqn_oi_the_IgA.cofflEonen^ 

"Hi. Fractions containing immune coaplexes (fig 2) were pooled and 
chromatographed on a jacal in-Sepharose column. Jacalin is a lectin that 
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,.n b. us.d for binding of I,A .ntibodi.. (18). Thl. provide. . po.iibi- 
Uty to ..p.r.t. the ce.pl.... fro. free fibron.ctin .inc. thl. .tructu- 
r. Is not pr...nt on th. fibron.ctin .ol.cule. A. .,p.ct.d fibron.ctin 
is ,ound both in th. Mt.ri.l not bound to th. jac.lin colu.n .nd in th. 
bound fraction that ... .Ut.d *ith ..libio.., «hil. I,A .ntibodi.. -r. 
pr...nt only in th. bound ..teri.l (fig 3). Th. fibron.ctin co.pon.nt of 
th. U.un. coopl.x.. ... bound to coll.g.n I in an ELISA .nd fibron.ctin 
,nd IgA .ntibodi.. «r. identified (fig 3). Th. pr.s.nc. of co.pon.nt. 
*ith mobilities corresponding to fibron.ctin .nd IgA in th. eat.ri.l 
bound to th. jac.lin coluan was further demonstrated „ith SDS-PA6E both 
-ith and without reduction (fig 4). Further proof for th. identity of 
the co.ponents Has obtained by ie.unoblotting using anti-IgA and .nti- 
fibron.ktin respectively (fig 4). The oajor component, visuali»d by 
SrS-PASE -a. thus sho.n to represent IgA and fibron.ctin .respectively. 

The above examples show that patients with IgA nephropa- 
thy have circulating immune complexes containing fibronectin and 
IgA antibodies. This is in agreement with a proposed immune com- 
plex mediated nature of primary IgA neprhopathy (11). 
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CLAIMS 

1. A method for the diagnosis of IgA nephropathy using 
an antigene-antibody interaction, characterized by tha atapa: 
a) praparing a aubatrata capabla of binding fibronactin or 
IgA 

b> contacting tha aubatrata reeulting from atap a) with a 
eample of body fluid dravm from a patiant aubject to 
diagnoaia to bind any f ibronect in- IgA-complex praaant in aaid 
aampla tc the aubatrata, and 

c> determining the preienct of complax bound to tha aubatrata 
uaing the reaction between the expoeed part of auch bound 
complex and a corresponding antibody thereto, 

2. A method according to claim 1, characterized by 
preparing a substrate capable of binding via collagen, fibrin 
or heparin to the fibronectin part of the complax. 

3. A method according to claim i, characterized by 
preparing a aubatrata capable of binding via ant i- fibronectin 
to the fibronectin part of the complex* 

4. A method according to claim 1, characterized by 
preparing a aubatrata capable of binding via anti-IgA or 
lectin to the IgA-part of tha complax. 

5. A method according to any preceding claim, wherein 
the body fluid ia conatitutad by human blood, eerum, plasma 
or aaliva. 

6. A method according to any preceding claim, 
charactertized in that in atep c) the preaence of bound 
complex ia meaaured quantitatively using a detection eyetem 
baaed on enzymatic activity, radiation emitted by a 
radioactive isotope or fluorescence. 

7. A method according to claim 2 or 3, characterized by 
using under step c> the reaction between the IgA-part of the 
complex and an anti-IgA- or lect in-enzyme complex. 

8. A method according to claim 4, characterized by 
uaing under atep c) the reaction between the fibronectin part 
of the complex and an anti-f ibrbnectin-, heparin- , fibrin- 
or eollaoen-enzyme complex. 
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9. A method according to any preceding claim, wherein 
tha substrata ia conatitutad by a microtiter plate. 

10. A diagnoatic kit for uee in the diagnoeia of IgA 
nephropathy, comprising: 

a) an object capable of binding fibronectin or IgA, and 

b) a reagent eompriaing a component capable of binding IgA or 
fibronectin and a detection component enabling determination 
of f ibronect in-IgA complex bound to the object. 

11. A diagnoatic kit according to claim 10, wherein the 
object carries attached to the surface thereof heparin, 
collagen, fibrin or ant i-f ibronect in , and wherein the reagent 
comprises lectin or antibody directed against IgA. 

12. A diagnoatic kit according to claim 10, wherein 
the object carries attached to the surface thereof anti-IgA 
or lectin, and wherein the reagent comprises heparin, 
collagen, fibrin or ant i-f ibronect in . 

13. A diagnostic kit according to claim 10 or 11, 
wherein the function of the detection component ia baaed on 
enzymatic activity, radiation emitted by a radioactive 
iaotope or fluorescence. 
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